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The comparison of arterial elastance (Ea) to left ventricular elastance (Elv) is expressed as Ea/Elv and called ventricular-vascular coupling ADDIN EN.CITE 1.  It quantifies the workload imposed on the ventricle by the arteries 2.  Increased Ea/Elv can be physically attributed to stiffer arteries and reduced cardiac compliance  ADDIN EN.CITE ,. Changes in Ea are also a consequence of physiological factors affecting the arterial load, including: total peripheral resistance, characteristic impedance, total arterial compliance, and diastolic time 5.   Likewise, changes in LV elastance occur not only because of changes in structure, but also because of altered contractility and metabolic factors affecting cardiac energetics6.  
Over time, increased Ea (caused by increased large artery stiffness) requires increased ventricular work in order to maintain physiologically acceptable coupling ratios  HYPERLINK \l "_ENREF_7" \o "Nichols, 1985 #7"  ADDIN EN.CITE <EndNote><Cite><Author>Nichols</Author><Year>1985</Year><RecNum>7</RecNum><DisplayText><style face="superscript">7</style></DisplayText><record><rec-number>7</rec-number><foreign-keys><key app="EN" db-id="2fservd9k2aswee2t0l5sd0edwd9d2299092">7</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Nichols, W. W.</author><author>O&apos;Rourke, M. F.</author><author>Avolio, A. P.</author><author>Yaginuma, T.</author><author>Murgo, J. P.</author><author>Pepine, C. J.</author><author>Conti, C. R.</author></authors></contributors><titles><title>Effects of age on ventricular-vascular coupling</title><secondary-title>Am J Cardiol</secondary-title></titles><periodical><full-title>Am J Cardiol</full-title><abbr-1>The American journal of cardiology</abbr-1></periodical><pages>1179-84</pages><volume>55</volume><number>9</number><edition>1985/04/15</edition><keywords><keyword>Adult</keyword><keyword>*Aging</keyword><keyword>Aorta/physiology</keyword><keyword>Blood Flow Velocity</keyword><keyword>Blood Pressure</keyword><keyword>*Cardiac Output</keyword><keyword>Elasticity</keyword><keyword>Heart Catheterization</keyword><keyword>*Hemodynamics</keyword><keyword>Humans</keyword><keyword>Middle Aged</keyword><keyword>Stroke Volume</keyword><keyword>Systole</keyword><keyword>*Vascular Resistance</keyword></keywords><dates><year>1985</year><pub-dates><date>Apr 15</date></pub-dates></dates><isbn>0002-9149 (Print)&#xD;0002-9149 (Linking)</isbn><accession-num>3984897</accession-num><urls><related-urls><url>http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=3984897</url></related-urls></urls><electronic-resource-num>0002-9149(85)90659-9 [pii]</electronic-resource-num><language>eng</language></record></Cite></EndNote>7. This chronic augmentation of  ventricular work may cause the LV to display clinically relevant levels hypertrophy  ADDIN EN.CITE 8, which is associated with increased cardiovascular morbidity and mortality HYPERLINK \l "_ENREF_9" \o "Drazner, 2011 #89"  ADDIN EN.CITE <EndNote><Cite><Author>Drazner</Author><Year>2011</Year><RecNum>89</RecNum><DisplayText><style face="superscript">9</style></DisplayText><record><rec-number>89</rec-number><foreign-keys><key app="EN" db-id="2fservd9k2aswee2t0l5sd0edwd9d2299092">89</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Drazner, M. H.</author></authors></contributors><auth-address>Division of Cardiology, Department of Internal Medicine, University of Texas Southwestern Medical Center, Dallas, TX 75390-9047, USA. Mark.Drazner@utsouthwestern.edu</auth-address><titles><title>The progression of hypertensive heart disease</title><secondary-title>Circulation</secondary-title><alt-title>Circulation</alt-title></titles><periodical><full-title>Circulation</full-title><abbr-1>Circulation</abbr-1></periodical><alt-periodical><full-title>Circulation</full-title><abbr-1>Circulation</abbr-1></alt-periodical><pages>327-34</pages><volume>123</volume><number>3</number><edition>2011/01/26</edition><keywords><keyword>Disease Progression</keyword><keyword>Heart Failure/*pathology/*physiopathology</keyword><keyword>Humans</keyword><keyword>Hypertension/*pathology/*physiopathology</keyword><keyword>Hypertrophy, Left Ventricular/*pathology/*physiopathology</keyword><keyword>Ventricular Remodeling/physiology</keyword></keywords><dates><year>2011</year><pub-dates><date>Jan 25</date></pub-dates></dates><isbn>1524-4539 (Electronic)&#xD;0009-7322 (Linking)</isbn><accession-num>21263005</accession-num><work-type>Research Support, Non-U.S. Gov&apos;t&#xD;Review</work-type><urls><related-urls><url>http://www.ncbi.nlm.nih.gov/pubmed/21263005</url></related-urls></urls><electronic-resource-num>10.1161/CIRCULATIONAHA.108.845792</electronic-resource-num><language>eng</language></record></Cite></EndNote>9. Compared to Caucasians, African-Americans have increased large artery stiffness  ADDIN EN.CITE ,, which may adversely affect the interaction between the left ventricle and arterial system.  
This racial difference persists in peripheral large artery stiffness in men even after acute, maximal aerobic exercise, demonstrating a reduction in the ability of African-American men to decrease arterial stiffness post-exercise  ADDIN EN.CITE 12.  This is important because the ability to appropriately match arterial and ventricular performance can impact exercise capacity by regulating stroke work  HYPERLINK \l "_ENREF_5" \o "Little, 1993 #14"  ADDIN EN.CITE <EndNote><Cite><Author>Little</Author><Year>1993</Year><RecNum>14</RecNum><DisplayText><style face="superscript">5</style></DisplayText><record><rec-number>14</rec-number><foreign-keys><key app="EN" db-id="dwwp00z0m5fferevr9lp9rxqesfawdpdxvzx">14</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Little, W. C.</author><author>Cheng, C. P.</author></authors></contributors><auth-address>Section of Cardiology, Bowman Gray School of Medicine, Wake Forest University, Winston-Salem, North Carolina 27157-1045.</auth-address><titles><title>Effect of exercise on left ventricular-arterial coupling assessed in the pressure-volume plane</title><secondary-title>Am J Physiol</secondary-title></titles><periodical><full-title>Am J Physiol</full-title></periodical><pages>H1629-33</pages><volume>264</volume><number>5 Pt 2</number><edition>1993/05/01</edition><keywords><keyword>Adrenergic beta-Antagonists/pharmacology</keyword><keyword>Animals</keyword><keyword>Arteries</keyword><keyword>*Blood Pressure</keyword><keyword>*Blood Volume</keyword><keyword>Coronary Vessels/*physiology</keyword><keyword>Dogs</keyword><keyword>Hemodynamics/drug effects</keyword><keyword>Metoprolol/pharmacology</keyword><keyword>*Physical Exertion</keyword><keyword>*Ventricular Function, Left</keyword></keywords><dates><year>1993</year><pub-dates><date>May</date></pub-dates></dates><isbn>0002-9513 (Print)&#xD;0002-9513 (Linking)</isbn><accession-num>8098914</accession-num><urls><related-urls><url>http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=8098914</url></related-urls></urls><language>eng</language></record></Cite></EndNote>5.   Conversely, the ability to perform exercise depends requires the heart and arterial system to adapt in tandem  ADDIN EN.CITE 13.   
The reduction in large artery stiffness following aerobic exercise training is well-documented  ADDIN EN.CITE 14.  Additionally, Rinder, et al, report that Ea/Elv ratios are improved following aerobic exercise training, due to a reduction in Ea following training  HYPERLINK \l "_ENREF_15" \o "Rinder, 1999 #30"  ADDIN EN.CITE <EndNote><Cite><Author>Rinder</Author><Year>1999</Year><RecNum>30</RecNum><DisplayText><style face="superscript">15</style></DisplayText><record><rec-number>30</rec-number><foreign-keys><key app="EN" db-id="dwwp00z0m5fferevr9lp9rxqesfawdpdxvzx">30</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Rinder, M. R.</author><author>Miller, T. R.</author><author>Ehsani, A. A.</author></authors></contributors><auth-address>Division of Gerontology and Geriatrics, Washington University School of Medicine, St Louis, MO 63110, USA.</auth-address><titles><title>Effects of endurance exercise training on left ventricular systolic performance and ventriculoarterial coupling in patients with coronary artery disease</title><secondary-title>Am Heart J</secondary-title></titles><periodical><full-title>Am Heart J</full-title></periodical><pages>169-74</pages><volume>138</volume><number>1 Pt 1</number><edition>1999/07/01</edition><keywords><keyword>Arteries/physiopathology</keyword><keyword>Coronary Disease/*physiopathology/radionuclide imaging</keyword><keyword>Coronary Vessels/*physiopathology</keyword><keyword>*Exercise</keyword><keyword>Exercise Test</keyword><keyword>Female</keyword><keyword>Humans</keyword><keyword>Male</keyword><keyword>Middle Aged</keyword><keyword>Radionuclide Ventriculography</keyword><keyword>Systole</keyword><keyword>*Ventricular Function, Left</keyword><keyword>*Ventricular Pressure</keyword></keywords><dates><year>1999</year><pub-dates><date>Jul</date></pub-dates></dates><isbn>0002-8703 (Print)&#xD;0002-8703 (Linking)</isbn><accession-num>10385782</accession-num><urls><related-urls><url>http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&amp;db=PubMed&amp;dopt=Citation&amp;list_uids=10385782</url></related-urls></urls><electronic-resource-num>S0002-8703(99)70264-4 [pii]</electronic-resource-num><language>eng</language></record></Cite></EndNote>15.  The purpose of this investigation is to determine how race affects Ea/Elv following an 8-week aerobic training period in healthy young people.  We hypothesized the Caucasians would reduce Ea to a greater extent than African-Americans, and that this would result in an attenuated Ea/Elv in Caucasians compared to African-American men and women.
Methods
Subjects. A total of 53 (28 men and 25 women) healthy, nonsmoking, normotensive, sedentary subjects between the ages of 18 and 35 years from the Champaign-Urbana area participated in this study. Subjects were classified as sedentary based on their exercise habits for the past 6 months (no structured exercise activity of any kind lasting longer 30 min more than 1 time per week). None of the subjects were taking any chronic medications except oral contraceptives, had been diagnosed with any chronic disease, nor did they have hypertension, defined as resting blood pressure greater than 140/90. All subjects signed informed consent and the study was approved by the University of Illinois at Urbana-Champaign Institutional Review Board.  Recruitment and data collection began on September 1st, 2009 and ended on March 25th, 2011.  The study’s data collection period officially ended on June 30th, 2011.
Study Design. Subjects reported to the lab for an initial testing session.  All women were tested in the early follicular phase or during the placebo phase of oral contraceptives.  Subjects were instructed to be 4 hours postprandial and to abstain from caffeine and alcohol for at least 12 hours before testing.  Subjects had previously completed a physical activity and health history questionnaire in order to confirm sedentary status and ensure safe participation in maximal exercise testing. Measurements of height and weight were taken.  Subjects then assumed a supine position and rested quietly for 5 min before systolic (SBP) and diastolic blood pressure (BP) measurements were taken using an automated oscillometric cuff (HEM-907 XL; Omron, Japan).  Pulse wave analysis measurements were made using applanation tonometry (SphygmoCor; AtCor Medical, Sydney, Australia) and cardiac ultasonography was performed using a high fidelity ultrasound (Aloka, Alpha 10, Tokyo, Japan).  Next, the participants underwent a VO2peak test on an upright, stationary cycle ergometer (Lode Excaliber Sport, Groningen, Netherlands).  Post exercise measurements of blood pressure, pulse wave analysis, and cardiac ultrasonography were obtained at 15 and 30 minutes post VO2peak testing.  After the initial testing, subjects maintained their current lifestyle for one month or until the onset on menstrual cycle in females.  This time served as a control period.  Then the testing procedure was repeated.  After this second testing session, subjects began a thrice weekly endurance exercise intervention, during which they exercised on cardiovascular equipment at 60-90% of max HR for 30-60 min.  A final testing session was conducted after 8 weeks of training and in the first 5 days of menstrual cycle in female subjects.
Anthropometrics. Standing height and weight measurements were taken with participants wearing light-weight clothing using a stadiometer and balance-beam scale.  Body surface area (BSA) was calculated using Mosteller’s formula.
Brachial artery BP assessment. Resting SBP and diastolic BP (DBP) were measured at the brachial artery using an automated oscillometric cuff (HEM-907 XL; Omron, Shimane, Japan). Brachial BP was taken in duplicate. If the two values were not within 5 mm Hg, another measurement was taken until 2 values within 5 mmHg of each other were obtained. Values within 5 mm Hg of each other were averaged and used for analysis.
Pulse contour analysis. Radial artery pressure waveforms were obtained in the supine position from a 10-s epoch using applanation tonometry (Millar Instruments, Houston, TX) and calibrated using brachial mean and diastolic BP.  ADDIN EN.CITE 16  Using a generalized validated transfer function  ADDIN EN.CITE 16, a central aortic pressure waveform was reconstructed from the radial artery pressure waveform (SphygmoCor; AtCor Medical, Sydney, Australia) to obtain central BP, augmentation index (AIx), end-systolic pressure (ESP), systolic ejection duration (ED), tension-time index (TTI, a time sensitive measure of myocardial oxygen demand determined from the systolic pressure-time integral HYPERLINK \l "_ENREF_17" \o "Namasivayam, 2011 #43"  ADDIN EN.CITE <EndNote><Cite><Author>Namasivayam</Author><Year>2011</Year><RecNum>43</RecNum><DisplayText><style face="superscript">17</style></DisplayText><record><rec-number>43</rec-number><foreign-keys><key app="EN" db-id="dwwp00z0m5fferevr9lp9rxqesfawdpdxvzx">43</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Namasivayam, M.</author><author>Adji, A.</author><author>O&apos;Rourke, M. F.</author></authors></contributors><auth-address>Department of Cardiology, St. Vincent&apos;s Clinic, Darlinghurst, New South Wales 2010, Australia. m.orourke@unsw.edu.au</auth-address><titles><title>Influence of aortic pressure wave components determined noninvasively on myocardial oxygen demand in men and women</title><secondary-title>Hypertension</secondary-title><alt-title>Hypertension</alt-title></titles><periodical><full-title>Hypertension</full-title></periodical><alt-periodical><full-title>Hypertension</full-title></alt-periodical><pages>193-200</pages><volume>57</volume><number>2</number><edition>2010/12/22</edition><keywords><keyword>Aged</keyword><keyword>Aorta/*physiopathology</keyword><keyword>Blood Pressure/*physiology</keyword><keyword>Female</keyword><keyword>Humans</keyword><keyword>Linear Models</keyword><keyword>Male</keyword><keyword>Middle Aged</keyword><keyword>Models, Cardiovascular</keyword><keyword>Multivariate Analysis</keyword><keyword>Myocardial Ischemia/diagnosis/metabolism/physiopathology</keyword><keyword>Myocardium/*metabolism</keyword><keyword>Oxygen/*metabolism</keyword><keyword>Sex Factors</keyword></keywords><dates><year>2011</year><pub-dates><date>Feb</date></pub-dates></dates><isbn>1524-4563 (Electronic)&#xD;0194-911X (Linking)</isbn><accession-num>21173342</accession-num><urls><related-urls><url>http://www.ncbi.nlm.nih.gov/pubmed/21173342</url></related-urls></urls><electronic-resource-num>10.1161/HYPERTENSIONAHA.110.160200</electronic-resource-num><language>eng</language></record></Cite></EndNote>17), sub-endocardial viability index (SEVR), and travel time of the wave (Tr). Aortic mean arterial pressure was determined from the integration of the reconstructed aortic pressure waveform using the SphygmoCor software. This technique has been validated and is reliable for use during exercise.  ADDIN EN.CITE ,  These measurements were taken at rest and at 15 min and 30 min post maximal exercise bout. 
Cardiac Echocardiography. Cardiac output, stroke volume (SV), and end systolic volume (ESV) were assessed by two-dimensional echocardiography using an Aloka SSD 5500 SV system (Tokyo, Japan). With subjects in the left lateral position, measurements were obtained using the four-chamber apical view. The interior of the left ventricle was traced manually during both end systole and end diastole. Volumes were measured using Simpson’s rule. Stroke volume was calculated by subtracting EDV from ESV. CO was calculated as HR multiplied by SV. Three beats were measured and the average of the measurement was used in analysis. Ejection fraction (EF) was calculated from the ventricular volumes and expressed as a percentage of ESV to EDV.

Pulse Wave Velocities.  PWV was measured using previously described techniques  HYPERLINK \l "_ENREF_19" \o "Van Bortel, 2002 #69"  ADDIN EN.CITE <EndNote><Cite><Author>Van Bortel</Author><Year>2002</Year><RecNum>69</RecNum><DisplayText><style face="superscript">19</style></DisplayText><record><rec-number>69</rec-number><foreign-keys><key app="EN" db-id="dwwp00z0m5fferevr9lp9rxqesfawdpdxvzx">69</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Van Bortel, L. M.</author><author>Duprez, D.</author><author>Starmans-Kool, M. J.</author><author>Safar, M. E.</author><author>Giannattasio, C.</author><author>Cockcroft, J.</author><author>Kaiser, D. R.</author><author>Thuillez, C.</author></authors></contributors><auth-address>Department of Pharmacology and Toxicology, Cardiovascular Research Institute, Maastricht University, The Netherlands. luc.vanbortel@rug.ac.be</auth-address><titles><title>Clinical applications of arterial stiffness, Task Force III: recommendations for user procedures</title><secondary-title>Am J Hypertens</secondary-title><alt-title>American journal of hypertension</alt-title></titles><periodical><full-title>Am J Hypertens</full-title><abbr-1>American journal of hypertension</abbr-1></periodical><alt-periodical><full-title>Am J Hypertens</full-title><abbr-1>American journal of hypertension</abbr-1></alt-periodical><pages>445-52</pages><volume>15</volume><number>5</number><edition>2002/05/23</edition><keywords><keyword>Arteries/*physiopathology</keyword><keyword>Cardiology/instrumentation/methods</keyword><keyword>Elasticity</keyword><keyword>Equipment and Supplies</keyword><keyword>Humans</keyword><keyword>Models, Cardiovascular</keyword><keyword>Practice Guidelines as Topic</keyword></keywords><dates><year>2002</year><pub-dates><date>May</date></pub-dates></dates><isbn>0895-7061 (Print)&#xD;0895-7061 (Linking)</isbn><accession-num>12022247</accession-num><work-type>Review</work-type><urls><related-urls><url>http://www.ncbi.nlm.nih.gov/pubmed/12022247</url></related-urls></urls><language>eng</language></record></Cite></EndNote>19.  Distances from the suprasternal notch to the femoral artery and from the carotid artery to the supraster​nal notch were measured as straight lines with a tape meas​ure and recorded to the nearest mm. The distance from the carotid artery to the suprasternal notch was then subtracted from the distance between the suprasternal notch and femo​ral artery to account for differences in the direction of pulse wave propagation. For distal PWV, the distance was measured in a straight line with a tape measure between the femoral artery and the dorsalis pedis artery and recorded to the nearest mm.  Using the same high-fidelity strain-gauge transducer as in the pulse contour analysis measurements, pressure waveforms were taken first at the right common carotid artery and then at the right femoral artery for central PWV and then taken at the right femoral artery and the at the right dorsalis-pedis artery peripheral for distal PWV.   PWV was calculated from the distances between measurement points and the measured time delay between 10 proximal and distal waveforms (SphygmoCor; AtCor Medical). The peak of the R wave recorded from the ECG was used as a timing marker. 
Calculation of Ea/Elv. Arterial elastance was calculated using the equation Ea = ESP/SV and Elv = ESP/ESV.  These elastances were then indexed to body size by dividing by BSA due to the documented effect of body size on these variables  ADDIN EN.CITE 20.  The ratio of Ea/Elv indexed to body size was used for analysis.
VO2peak test. Subjects began with a warm-up period, consisting of pedaling at 60-100 rpm at 30 W for 30 s. They then started the test by pedaling at 50 W for 2 min. Every 2 minutes thereafter, workload was increased by 30 W until test termination. Heart rate (HR) was measured with a Polar Heart Rate Monitor (Polar Electro, Woodbury, NY). Expired air was analyzed with a Quark b2 breath-by-breath metabolic system (Cosmed, Rome, Italy). The test was terminated when subjects met three of the following five criteria: (i) a final rating of perceived exertion score of ≥17 on the Borg scale (scale 6–20), (ii) a respiratory exchange ratio >1.1, (iii) no change in HR with a change in workload, (iv) a “plateau” (increase of no >150 ml) in oxygen uptake with an increase in workload, (v) volitional fatigue, defined as an inability to maintain a pedal rate above 60 rpm.
Statistical Analysis. Normality of the variables of interest was assessed using Shapiro-Wilk tests.  Non-normal variables were log transformed before further analysis.  A repeated measures, 2 (African-American, Caucasian) x 2 (pre-intervention, post-intervention) ANOVA was performed to test for differences between time points and sexes. Mann-Whitney U tests were performed on non-normally distributed data.  Post hoc t-tests were used to make further comparisons, and significance was declared if p<0.05. STATA version 10.0 (College Station, TX) was used. Results are reported as mean ± SD.  
Power Analysis/Justification of Sample Size. The minimum sample size necessary for our design was calculated using pilot data from our lab and some relevant studies. With a total sample size of 60 total subjects (n= 30 per group), a power of 80% for detecting the effects that we anticipate at a significance level of p<0.05 was achieved. 
Results
Study Completion Description. 120 individuals were interviewed after contacting the laboratory upon seeing a flyer or advertisement or hearing of the study from the lab group or another participant (word of mouth).  Of this group, 96 individuals met eligibility criteria and were enrolled. Prior to the first testing session, approximately 5 individuals dropped out of the study due to time constraints or improper screening (3 individuals) or because they did not want to wait a month to begin exercise (2 individuals).  After the first testing session, three more subjects declined further participation because of a change of location (moving to a different city).  Upon onset of exercise, 20 more subjects declined further participation because they were unwilling or unable to complete the exercise required to remain in the study.  A total of 53 subjects completed the entire study with usable and complete data, and they comprised the subject group for this paper.
Subject Characteristics. Descriptive and hemodynamic variables for these subjects are presented in Table 1.  Briefly, mean BSA and BMI were unchanged after the intervention, but there was a significant increase in VO2peak.   Caucasians had higher VO2peak at both time points, p<0.05.  Also, AA had higher BMI at both time points, p<0.05.  BMI in AA was 29.5±8.3, whereas CA BMI was 24.7±3.7 kg/m2.  There were group differences in SBP, MAP, aSBP, and aMAP as well as AIx, with CA having higher pressures but lower AIx (p<0.05 for all) at each time point.  Although there was no interaction effect for these measures after exercise training, there were significant decreases in pressures in aortic pressures only in CA post-intervention.
Ea/Elv. At baseline AA and C had the same Ea/Elv. AA=0.37±0.11 and C=0.38±0.10 mmHg/ml/m2.  After exercise intervention, cohort Ea/Elv was not significantly altered (from 0.37±0.10 to 0.37 ±0.10 mmHg/ml/m2, p>0.05).  Group Ea was also unchanged (0.74±0.30 to 0.76±0.29 mmHg/ml/m2), as was Elv (1.15±0.11 to 1.20±0.10 mmHg/ml/m2), p>0.05 for all.  There was not a significant time by race interaction effect for Ea/Elv (p>0.05).  At baseline AA had higher Ea/Elv than CA.  After the intervention, neither group changed Ea/Elv (from 0.37±0.09 to 0.35±0.1 in AA and from 0.38±0.1 to 0.38±0.1 mmHg/ml/m2in C, p<0.05).  These results are shown in Figure 1A.
Ea.  AA maintained Ea, pre-intervention value was 0.76±0.1 and post-intervention was 0.77±0.09mmHg/ml/m2.  However, CA increased Ea from 0.68±0.09 to 0.75±0.1 mmHg/ml/m2, p=0.02.  This is illustrated in Figure 1B.
Elv.  Likewise, AA did not change Elv, from 1.20±0.11 to 1.22±0.1 mmHg/ml/m2, while CA significantly increased Elv from 0.99±0.1 to 1.16±0.1 mmHg/ml/m2, p=0.009.  The interaction effect for these components (Ea and Elv) of the coupling ratio was significant, p<0.05 for both. This is shown in Figure 1C.

Discussion
	A novel finding of this study is that, although the coupling ratio is maintained similarly in AA and CA adults, the components are differentially altered after 8 weeks of endurance exercise training.  Contrary to our hypothesis, CA increased EaI after exercise training, while AA maintained EaI.  However, due to a concomitant augmentation of Elv, the coupling ratio was unchanged in CA adults.  Interestingly, ESP (a mathematical determinant of the coupling ratio), PP, and SEVR are also among the only other unchanged hemodynamic variables, and they are modulated most directly by ventricular and vascular interaction ADDIN EN.CITE 21.
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Decreased HR may also result in an increased volume of blood being ejected into the aorta with each heart beat.  This is due to increased time for both diastolic filling and systolic ejection.   Pressure and volume are directly related; the augmented ejection volume logically results in increased pressure when considered on a per-beat (versus continuous) basis.  This could contribute to the increase in EaI in CA after exercise training.  However, we did not find a significant change in HR with training.  
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As a result of heightened AIx, the added afterload caused by early wave reflection might require compensatory effort from the left ventricle in order to overcome the resistance caused by augmented wave reflection.  In this way, lack of change in AIx that occurred after training in CA may, in part, necessitate the enhancement of ElvI in CA after endurance exercise training.
In our cohort, EaI was not altered in AA post-intervention, while CA augmented EaI.  However, after the exercise intervention, the EaI value in CA equaled that of AA; CA had a smaller value of EaI than AA prior to the intervention.    The implication is unclear when considering this response on its own, however, the concomitant elevation of ElvI suggests that young CA appropriately match arterial and ventricular work after the exercise intervention.  Thus, the adaptation made by CA was essential and can be interpreted as beneficial. In contrast, older adults (>55 years) who began exercise training were not able to change ElvI despite desirable left ventricular remodeling following a longer (6 mo.) exercise intervention period  ADDIN EN.CITE 29.  This is an important difference between younger and older adults and their respective responses to exercise training.
Optimal arterial and ventricular coupling is necessary in order to most effectively deliver blood while preserving myocardial oxygen supply ADDIN EN.CITE 30.  During exercise, the coupling ratio must decrease in order to allow SV to increase ADDIN EN.CITE 13.  Our study examined the coupling ratio at rest, where responses to acute stress are not observable.  By augmenting resting EaI and ElvI, it is possible that the EaI and ElvI reserve are increased in the same manner that HR and VO2 reserve are augmented with training.  In this way, then, the increase in these variables could provide a larger buffer in order to accommodate the elevated myocardial demand and reduction in supply that occur during acute exercise.
Limitations and Future Directions.  Our study was conducted in young, apparently healthy individuals at rest.  Previous work has shown that some difference in ventricular-vascular coupling in older versus younger adults is not apparent at rest but only elucidated by acute, heavy exercise ADDIN EN.CITE 13.  Future work should measure the coupling ratio both at rest and after an acute and challenging, if not maximal, exercise stressor.  Our heart volumes (SV, ESV) and ESP were determined using non-invasive techniques, although the techniques used had been validated and deemed acceptable as surrogates for invasively measured values ADDIN EN.CITE ,.  Future work should focus upon the effect of longer term training on the coupling ratio.  Manipulation of exercise intensity (i.e., high-intensity interval training) may also elicit alternative elastance changes.  Exploration of these factors may result in more individualized exercise prescriptions.
Conclusions.  Both CA and AA male and female adults maintain the ventricular and vascular coupling ratio after 8 weeks of endurance training.  However, this is due to the retention of pre-training values in AA and a concomitant augmentation of both EaI and ElvI in CA.  Both groups decrease central arterial stiffness and blood pressures following training, but CA increase AIx. The mechanisms and implications behind this training response in CA warrant further investigation.
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 Table 1.  Subject Characteristics and Baseline Hemodynamics, September 2011. Data are expressed as mean±SD.

	AA pre (n=25)	CA pre(n=28)	AA post (n=25)	CA post (n=28)
Age (yr)	24.7±0.6	24.8±0.6	24.8±0.6	24.9±0.6
HR (bpm)	65±9	64±8	63±9	63±7
















Figure 1.  Changes in EaI, ElvI, and EaI/ElvI with exercise intervention

Figure Legend: * indicates a significant difference from the AA value, p<0.05. a signifies a significant difference from the pre-intervention value, p<0.05.
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